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ABSTRACT
Strong gravitational lensing leads to an occurrence of multiple images, with different
magnifications, of a lensed source. Those magnifications can in turn be modified by
microlensing on smaller mass scales within the lens. Recently, measurements of the
changes in the magnification ratio of the individual images have been proposed as
a powerful tool for estimation of the size and velocity of the emission region in the
lensed source. The changes of the magnification ratios in blazars PKS1830-211 and
QSO B0218+357, if interpreted as caused by a microlensing on individual stars, put
strong constraints on those two variables. These constraints are difficult to accommo-
date with the current models of gamma-ray emission in blazars. In this paper we study
if similar changes in the magnification ratio can be caused by microlensing on inter-
mediate size structures in the lensing galaxy. We investigate in details three classes
of possible lenses: globular clusters (GC), open clusters (OC) and giant molecular
clouds (GMC). We apply this scenario to the case of QSO B0218+357. Our numer-
ical simulations show that changes in magnifications with similar time scales can be
obtained for relativistically moving emission regions with sizes up to 0.01 pc in the
case of microlensing on the cores of GCs or clumps in GMCs. From the density of
such structures in spiral galaxies we estimate however that lensing in giant molecular
clouds would be more common.
Key words: gravitational lensing: micro — galaxies: active — globular clusters:
general — open clusters and associations: general — ISM: clouds
1 INTRODUCTION
If a large mass, such as a galaxy, is located between a source
of radiation and observer, it will bend the trajectories of the
photons and distort the observed image. In particular it can
lead to the occurrence of multiple images of the same source.
In such cases, the radiation that is emitted at the same time
from the source will travel along different paths. As a con-
sequence, in the case of time variable sources, the observer
will record the same variability pattern from the various im-
ages, but with a time delay dependent on the geometry of
the source-lens-observer system. This effect due to the mass
distribution of the whole galaxy, is referred to as macrolens-
ing, and may be accompanied by additional effects due to
individual stars in the lensing galaxy, i.e. microlensing. The
latter affects the images on much smaller angular scales, not
observable with imaging instruments.
However, the deflection of the photon’s trajectories re-
sults in changes of the magnification that can be observed
(see e.g. Wambsganss 2006). The microlensing is sensi-
tive to small changes in the size and the location of the
emission region. Thus, it can be used to find and study
the morphology of sources well beyond the reach of the
angular resolution of even radio instruments. This tech-
nique is suitable for search of e.g. dark matter clumps
(see e.g. Paczynski 1986) and extrasolar planets (see e.g.
Udalski et al. 2002). Recently, microlensing was used to ex-
plain the time variability properties displayed in the hundred
MeV-GeV band by the known gravitationally-lensed blazars
PKS1830-211 (Abdo et al. 2015; Neronov et al. 2015) and
QSO B0218+357 (Vovk & Neronov 2015). These authors
show that the changes in the magnification ratio of the lead-
ing and trailing component are consistent with microlensing
due to individual stars in the lensing galaxy, as long as the
emission region is relatively small, ∼ 1014−1015 cm, and the
relative speed of the source and the microlens is of the or-
der of 103 km/s. Those results are however at odds with the
standard paradigm of blazars, where the high-energy emis-
sion is generated in compact regions moving with relativistic
velocities along the jet. Relativistic velocities are needed to
explain the observed properties of blazars, such as high lumi-
nosity during flares, fast intrinsic variability, and indirectly
also the lack of strong absorption of TeV gamma rays.
In this paper we investigate whether the observed
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changes in the relative gamma-ray magnification of both
components can be explained by microlensing on larger
structures than stars. The size of those objects would result
in much larger regions in the source plane being magnified by
a single microlensing event, than for the case of microlensing
on individual stars. Therefore, microlensing on such inter-
mediate size objects, if plausible, can relax the strong con-
straints on the size of the gamma-ray emission region and
its velocity. We study the following classes of objects acting
as possible lenses for such a process: OCs, GCs and GMCs.
We focus on the interpretation of the changes in the magni-
fication pattern of the 2012 high state of QSO B0218+357.
In Section 2 we introduce the blazar QSO B0218+357. In
Section 3 we estimate how probable the microlensing is on
various intermediate scale structures. Using the inverted ray
shooting method we compute the magnification maps for
typical parameters of such structures in Section 4. In Sec-
tion 5 we discuss the plausibility of such a scenario to occur
in QSO B0218+357 and how it would affect the future ob-
servations of this source.
2 QSO B0218+357
QSO B0218+357 is a blazar located at a redshift of
0.944 (Linford et al. 2012). It is gravitationally lensed
by [PBK93] B0218+357G1 located at a redshift of 0.68
(Browne et al. 1993). Using H0 = 69.6, ΩM = 0.286 and
Ωvac = 0.714, those redshifts correspond to an angular dis-
tance to the source Ds = 1650Mpc, to the lens DL =
1480Mpc and between the two: DLS = 370Mpc. The ra-
dio image shows two distinct components A and B with
an angular separation of only 335mas and an Einstein’s
ring of a similar size (O’Dea et al. 1992). The two radio
components are separated by a time delay of 10.5 ± 0.4
days (B lagging behind A) and show a flux ratio of the
A and B components of µA/µB ≈ 3.6 (Biggs et al. 1999).
Cohen et al. (2000) and Eulaers & Magain (2011), using ra-
dio measurements over the same epoch, obtained similar val-
ues for the time delay, but with larger confidence intervals,
10.1+1.5−1.6 days and 11.8 ± 2.3 days, respectively. Those re-
sults are consistent with the earlier measurement reported
by Corbett et al. (1996) of 12±3 days. The ratio of magnifi-
cation fluxes varies from 3.7 to 2.6 over the frequency range
15.35 GHz to 1.65 GHz (Mittal et al. 2006), presumably due
to free-free absorption (Mittal et al. 2007).
[PBK93] B0218+357 G is most probably a spiral galaxy
seen face-on, with spiral arms spreading out to a distance of
∼5 kpc (York et al. 2005). Using the position of the galaxy
obtained by York et al. (2005), the offset of the A and B
images to the centre of the lens (measured in its frame of
reference) is 1.8 kpc and 0.47 kpc, respectively.
In 2012 QSO B0218+357 underwent a high state in
gamma rays. A series of outbursts was registered by the
Fermi Large Area Telescope (LAT) in the MeV-GeV range
(Cheung et al. 2014). Vovk & Neronov (2015) claimed to be
able to decompose the emission into two separated com-
ponents, delayed by ∼ 11.5 days, showing changes in their
1 https://www.cfa.harvard.edu/castles/
magnification ratio by a factor of a few. Interestingly, an-
other flare of QSO B0218+357 in 2014 allowed the detec-
tion of this source also in VHE gamma-rays (Mirzoyan 2014;
Sitarek et al. 2015).
3 MICROLENSING ON INTERMEDIATE SIZE
STRUCTURES
In this section we consider lensing of QSO B0218+357 by dif-
ferent types of intermediate size and mass structures (with
masses 102 − 107M⊙). We investigate in details 3 object
classes: GCs, OCs and GMCs. Such masses for the geom-
etry of the observer-lens-source of QSO B0218+357 would
still result in microlensing effect as the separation of the
individual images is too small. Another possible target for
microlensing would be dark matter substructures (see e.g.
Moore et al. 1999). However, as the details of the dark mat-
ter distribution are not known and only estimated from the
simulations, we do not consider lensing on dark matter in
this work.
The Einstein radius, which determines the angular scale
at which lensing can occur may be computed for a point like
object with mass M as:
θE(M) =
√
4GM
c2
×
DLS
DLDS
= 3.1× 10−8
(
M
104M⊙
)1/2
[◦].
(1)
Lensing can occur on the whole structure if, for the geometry
of the QSO B0218+357 source-lens system, θE is larger than
the angular size of the lens. However, even if θE is a factor of
a few smaller than the size of the lens, the lensing might still
occur on substructures, or the inner part of the lens. Finally,
for a coherent lensing of the whole emission region to occur,
θE must by larger than the size of the lensed source.
3.1 GCs and OCs
GCs are spherical, tightly bound by gravity, collections of
stars. They are normally composed of a few times 105 late-
type stars, within a typical half-mass radius of the order of a
few pc. They are distributed in the spherical galactic halo. In
the Milky Way galaxy so far over 150 GC have been detected
(Harris 1996), but for example in the Andromeda galaxy
∼ 500 are expected (Barmby & Huchra 2001). Giant ellipti-
cal galaxies, such as M87, can have as much as 13000 GCs
(McLaughlin et al. 1994). The density of the stars at the ra-
dius R from the centre of the cluster can be described by
the following profile (see Michie 1963; Kuranov & Postnov
2006):
D(R) =


1, R < Rc
(Rc/R)
2, Rc < R < Rh
(RcRh)
2/R4, Rh < R < Rt,
(2)
where Rc, Rt and Rh =
√
2RcRt/3 are the GC core, tidal
and half-mass radii, respectively.
On the other hand, OCs are groups of up to a few
thousand loosely bound stars within a few pc distance.
They are common in spiral and irregular galaxies. In our
galaxy over one thousand OCs have been detected (see e.g.
Kharchenko et al. 2013). It is expected however that the to-
tal number can be even 10 times larger. Contrary to GCs,
c© 2010 RAS, MNRAS 000, 1–??
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Figure 1. Enhancement of the probability of lensing on a GC
as a function of the distance of the image from the centre of the
lensing galaxy for QSO B0218+357.
they mostly populate the galactic plane. In both, GC and
OC, radiation pressure and supernova explosions drive the
gas away from the cluster. Emission of sources with sizes
up to ∼ θEDS = 0.9
√
M/104M⊙ pc can be magnified via
microlensing on a GC or an OC.
Let us now estimate how probable a lensing event is
by computing the microlensing optical depth τ . It can be
estimated as τ = Nkpi(θE(M)DL)
2/S, where N is the total
number of GCs or OCs in the lensing galaxy and S is the
projected size of the region in which they are distributed.
k, dependent on the distance from the centre of the lensing
galaxy, is the correction factor for the inhomogeneity of the
surface density of the clusters. In the case of GCs, we can
take SGC = pir
2
halo, where rhalo is the size of the halo in
which they are distributed. We obtain:
τGC = 9.5× 10
−4 kGC
30
MGC
105M⊙
NGC
500
(
rhalo
10kpc
)−2
. (3)
Note that this estimation does not depend on the orienta-
tion of the lensing galaxy. As the special density of GCs is
strongly peaked towards the centre of a galaxy (∝ R−3, see
Harris & Racine 1979) and the surface density is addition-
ally enhanced by the projection effect, kGC can obtain high
values. In order to estimate it we use the de Vaucouleurs
(1977) relation on the surface density of GCs in the Milky
Way: log σ(R) = 3.23− 2.57(R/kpc)1/4. In order to use the
above equation for [PBK93] B0218+357 G, one has to cor-
rect the distance scale of R by a factor of 2.5 to take into
account that [PBK93] B0218+357 G is more compact than
the Milky Way. We then compute kGC as the ratio of the
surface density at the distance R from the centre of the
lensing galaxy, to a flat surface density up to a radius of
rhalo = 10kpc and plot it in Fig. 1. For the distances of
interest in QSO B0218+357 we obtain kGC(0.47 kpc) ∼ 80,
kGC(1.8 kpc) ∼ 7.
Similarly we can compute the optical depth for an OC
seen face-on, assuming SOC = pir
2
disk, where rdisk is the ra-
dius of the galactic disk where the OCs are present,
τOC,face =6.3× 10
−5kOC,face×
MOC
104M⊙
NOC
10000
(
rdisk
10kpc
)−2
.
(4)
However, if the same lens is seen edge-on the area
covered by OCs is much smaller. It can be computed as
SOC = 4rdiskhdisk, with hdisk being the maximum height of
the disk up to which the OCs are observed,
τOC,edge =8.3 × 10
−3kOC,edge×
MOC
104M⊙
NOC
10000
(
rdisk
10kpc
hdisk
60pc
)−1
.
(5)
Due to the projection effect, the lensing on OCs would be
much more probable if the lensing galaxy itself is seen edge-
on. Note however, that in the case of QSO B0218+357, the
optical image with the individual spiral arms is visible face-
on. The optical depth values are rather low making the lens-
ing on GCs and OCs not very probable except for galaxies
with a greater abundance of star clusters.
3.2 GMCs
GMCs are large gas structures where intense star formation
occurs. They typically have masses of the order of 105M⊙
and radii ∼ 20 pc (Blitz 1993). Nevertheless, there is a large
spread in both of those parameters (see e.g. Murray 2011).
GMC have complicated structures, with filaments, clumps
and cores (see Williams et al. 2000 and references within).
There are over 104 GMCs in the Milky Way, with 103 of
them having masses above 2× 105M⊙ (Murray 2011).
Since GMCs are much more irregular than star clusters,
microlensing can occur on smaller scales (clumps) within
them.We can compute roughly the optical depth for a source
being microlensed at a given moment by a clump in a GMC:
τclump = kGMCNGMCNclump(θE(Mclump)DL)
2/r2disk
= 2× 10−3
kGMC
3
MGMC
105M⊙
NGMC
104
(
rdisk
10kpc
)−2
,
(6)
where Nclump and Mclump are the number and mass of
clumps in a typical GMC and MGMC = NclumpMclump.
Based on the H2 distribution in the Galaxy, estimated with
CO measurements (Sanders et al. 1984), and rescaling them
for the different sizes of [PBK93] B0218+357G and the
Galaxy, the inhomogeneity factor kGMC is expected to be of
the order of 1 for the A image, and of the order of 10 for the
B image. Moreover, as the projected position of the lensed
source traverses the GMC, it can cross multiple individual
clumps on time scales of months. Therefore, the probability
for the image of a lensed source to cross a GMC, and thus
being periodically magnified via microlensing on individual
clumps, scales with the projected area of the GMCs. It is a
factor ∼ 60 larger then the value obtained in Eq. 6.
In fact, there are reasons to believe that at least one
of the images of QSO B0218+357 crosses a GMC in the
lensing galaxy. Falco et al. (1999) interpreted the different
reddening of the two images of QSO B0218+357 as an addi-
tional absorption of the leading image with the differential
extinction ∆E(B − V ) = 0.90 ± 0.14. The absorption is so
strong, that it inverts the brightness ratio of the two images
c© 2010 RAS, MNRAS 000, 1–??
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in the optical range, making the trailing image brighter.
Moreover, molecular absorption line has been detected in
the leading image, allowing the estimation of the H2 column
density, which is a rather large value of 0.5− 5× 1022cm−2
(Menten & Reid 1996). Interestingly, a similarly large col-
umn of absorbing gas has been also detected in the other
known gravitationally lensed gamma-ray quasar PKS1830-
211 (Wiklind & Combes 1996), for which microlensing was
suggested (Neronov et al. 2015).
4 MAGNIFICATION MAPS ON
INTERMEDIATE SCALE STRUCTURES
In this section we use numerical simulations to compute the
magnification maps caused by microlensing on intermediate
scale structures. We use the inverse ray shooting method (see
e.g. Schneider & Weiss 1986). We project a large number of
points homogeneously on the lens plane and compute their
corresponding position in the source plane. To compute the
deflection angles of individual rays we use the typical thin
sheath approximation of the lens, i.e. we project the 3D dis-
tribution of the mass on the XY plane of the lens. Then,
we divide the source plane in a grid of cells and compute
the magnification as the ratio of the number of rays hitting
a given cell to the average number of rays emitted in the
solid angle of this cell. The maps presented in this work are
divided in 1000x1000 cells and 1−5×108 rays are simulated
per map. Therefore, the accuracy of the computed multipli-
cations is ∼ 5− 10%. The resolution of the maps is defined
as the linear size of the cells in which the magnification is
computed. For larger sources, the magnification would aver-
age over multiple cells of the map, resulting in smaller values
for sharp features.
4.1 Microlensing on a GC
We simulate a GC with the total mass of 105M⊙ composed
of individual stars with masses of 0.8M⊙. The stars are dis-
tributed according to Eq. 2. Note that as the number of stars
is large, and we are interested in the lensing on the whole
structure of GC rather than on the individual stars the pre-
cise distribution of the star masses is not relevant for this
study. We select Rc = 0.5 pc and Rt = 30pc (corresponding
to Rh = 3pc) as a typical GC parameters. The shadowing of
individual rays by the stars is negligible, therefore the stars
are treated as point masses. In Fig. 2 we show the magni-
fication map obtained from such a GC with the inverse ray
shooting method. The caustics normally occurring in the mi-
crolensing on a set of point-like masses are not visible in this
plot as they happen on size scales below the resolution of
the plot. On the other hand, the combined effect of the stars
in the core of the GC causes strong magnification. Values of
the order of 10 occur if the projection of the emission region
crosses the core. For a source with an emission region below
0.01 pc, magnifications up to a factor of 100 are achieved at
the centre of the GC.
4.2 Microlensing on an OC
OCs are less abundant in stars than GCs. They also show
higher irregularities in their structure. This causes difficul-
ties in modelling the distribution of the mass inside OC. For
those simplified calculations we assume the same profile as
was used in the case of GCs (see Eq. 2). We selected pa-
rameters describing the typical size of an OC following the
Kharchenko et al. (2005) catalog. We simulate the OC with
a geometric size determined by Rc = 1.5 pc and Rt = 4.5 pc
and a total mass ofMOC = 3×10
3M⊙. We assumed a power-
law distribution of the mass of the stars with a standard in-
dex of −2.3. The distribution spreads between 0.1M⊙ and
100M⊙. Those mass ranges were selected such that the num-
ber of massive OB stars agrees (after correction for the total
mass of the OC) with the number observed in the Cyg OB2
cluster (Butt et al. 2003).
The magnification obtained in such a case is presented
in Fig. 3. As OCs are on average much less massive than GCs
and still spread over a relatively large size, there is nearly
no coherent lensing by the whole structure. Relatively small
regions, 0.01 pc (resolution of the simulations) – 0.05 pc with
a magnification a factor of a few occur due to the microlens-
ing on individual stars and crossing of caustics for the case
of a few nearby stars.
4.3 Microlensing on a GMC
GMCs can have a very complicated structure. For simplicity
we simulate a GMC as a spherical structure composed of in-
dividual extended clumps. We use a typical mass and radius
of GMC of MGMC = 2 × 10
5M⊙, RGMC = 20 pc. We con-
sider two different scenarios of the distribution of clumps,
homogeneous (i.e. dNclump/dV ∝ const) and more peaked
towards the centre of the GMC (i.e. dNclump/dV ∝ r
−1).
We take the mass distribution function of the clumps from
Stutzki & Guesten (1990). The masses of individual clumps
are drawn from a power law distribution with an index
−1.7. The values of masses are spread between 0.8M⊙ and
3 × 103M⊙. The radius of the clump is estimated follow-
ing the empirical correlation shown by Stutzki & Guesten
(1990):
Rclump = 0.22pc ×
√
Mclump/100M⊙. (7)
We assume that the individual clumps have homogeneous
mass density.
In Fig. 4 we show the results of the calculations for
the case of homogeneously distributed clumps. For the as-
sumed parameters, the Einstein radius computed according
to Eq. 1 is a factor of a few smaller than the actual size of
a GMC. Then, most of the magnification happens on indi-
vidual clumps. Magnifications by a factor of a few can be
achieved and occur on distance scales of a fraction of pc.
In Fig. 5 we present the magnification map for the case
of GMC with a dNclump/dV ∝ r
−1 density of the clumps.
In this case, due to more peaked mass distribution, the mi-
crolensing is mostly pronounced in the inner pc. Also, it is
much more common for a combination of multiple individual
clumps to cause strong magnifications (> 5) at the caustic
crossings. Note however, that those strong magnifications
are possible for sources with the sizes up to ∼ 0.01 pc.
c© 2010 RAS, MNRAS 000, 1–??
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Figure 2. Microlensing by a GC with MGC = 10
5M⊙, Rc = 0.5 pc and Rh = 3pc. Top panels: magnification maps obtained for the
resolution of 0.011 pc (right map is zoomed by a factor of 10) Fraction of a map with a magnifications above a given value is shown in the
bottom left panel. The surface mass density of GC (in the reference frame of the lens), with individual stars marked with black points
is shown in bottom right panel.
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Figure 3. Microlensing by an OC with MOC = 3 × 10
3M⊙, Rc = 0.5 pc and Rt = 4.5 pc. The surface mass density of the OC (in
the reference frame of the lens), with individual stars marked with black points (the left panel). Magnification map obtained for the
resolution of 0.011 pc are shown in the middle panel. Fraction of the map with a magnification larger than a given value is shown in the
right panel.
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Figure 4. Microlensing by a GMC with MGMC = 2× 10
5M⊙, RGMC = 20 pc composed of homogeneously distributed clumps. Surface
density (in the reference frame of the lens) of the mass of the lens, with individual clumps marked with black points (left panels).
Magnification map in the reference frame of the source (middle panels). Fraction of the map with a magnification above a given value
(right panels) Top panels show the case of the whole GMC (map resolution of 0.045 pc) Zoom to the inner part of the GMC with a
higher resolution of 0.0045 pc is shown in bottom panels.
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Figure 5. As in Fig. 4 but for a distribution of clumps in GMC following dNclump/dV ∝ r
−1
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5 DISCUSSION
If the gamma-ray emission of QSO B0218+357 is emitted
according to the classical blob-in-jet models, it would be
likely accompanied by a superluminal motion of the emis-
sion region. Such movement is at odds with the interpre-
tation of the change of the magnification ratio of the two
images in terms of microlensing on individual stars in the
galaxy (Vovk & Neronov 2015). The change in the magni-
fication factor can also be explained as microlensing on in-
termediate scale structures. Vovk & Neronov (2015) claimed
changes in the magnification factors occurring in the Fermi-
LAT data on the time scales of 20 days. In order to account
for these, with a typical 5 c superluminal motion, one re-
quires features in the magnification map with a length of
∼ 0.1 pc. Such features occur naturally due to microlensing
in individual clumps of GMCs. Note that in this scenario the
constraints on the size of the gamma-ray emission region in
QSO B0218+357 are much less restrictive (again ∼ 0.1pc)
than for the scenario presented in Vovk & Neronov (2015).
In Fig. 6 and 7 we show how the magnification evolves
with time as the projected position of the emission region
crosses through the GMC. For those calculations we assume
an observed superluminal speed of the source of 5 c. As ex-
pected, crossing of the individual clumps in GMC causes
magnification by a factor of a few lasting between days and
hundreds of days. The magnification pattern is complicated
as multiple clumps might influence the magnification at a
given moment.
In order to study in detail the possible time scales
for various magnifications, we simulated 104 random paths
through the central region of GMC. For each path we
searched for the time periods during which a magnification
was above a given value. The results of the calculations, for a
flat and a peaked distribution of clumps, are shown in Fig. 8.
Due to the interplay between the influence of clumps with
various sizes, the distribution of time scales for a flares of a
given magnification is rather broad. Also for some paths the
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Figure 7. Like in Fig. 6, but for the case of GMC with a peaked
profile (corresponding to the map in Fig. 5).
Min magnification
1.5 2 2.5 3 3.5 4 4.5 5
lo
g(D
ura
tio
n/d
ay
)
0
0.5
1
1.5
2
2.5
1
10
210
Min magnification
1.5 2 2.5 3 3.5 4 4.5 5
lo
g(D
ura
tio
n/d
ay
)
0
0.5
1
1.5
2
2.5
1
10
210
310
Figure 8. Time scales of different magnifications for a source
crossing randomly selected paths in the inner 4×4 pc2 region of
GMC. The source is moving with a superluminal speed of 5 c.
The case of a flat distribution of clumps in GMC (using magnifi-
cation map of 4) is shown in the top panel. The case of a peaked
distribution of clumps in GMC (using magnification map of 5) is
shown in the bottom panel.
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Figure 9. Changes of the total magnification ratio of the leading
to trailing component seen in Fermi-LAT data during 2012 high
state of QSO B0218+357 (black circles, Vovk & Neronov 2015).
The black solid line shows the changes of the magnification ra-
tio obtained along one of simulated paths of the trailing image
through a GMC with mass of 2 × 105M⊙. Strong lensing with
magnification ratio of 3.6, apparent superluminal speed of the
source of 5 c and size of the gamma-ray emission region of 0.01 pc
are assumed.
emission might start in a region already magnified, therefore
shortening the time scale compared with crossing through
complete clump. The flares with a time scales of a few tens of
days can be obtained for the peaked distribution of clumps
up to a magnification factor of a few.
In order to explain the changes in the magnification ra-
tio claimed by Vovk & Neronov (2015) in the framework of
this model, we compute the total magnification ratio as the
product of the strong lensing magnification and the magni-
fication from microlensing on clumps in a GMC. Based on
the radio measurements we assume the value of the strong
lensing magnification ratio of the leading to trailing image of
∼ 3.6 (Biggs et al. 1999). If the trailing image is boosted by
microlensing on clumps in a GMC, the total magnification
ratio will decrease. In Fig. 9 we show one of possible paths
obtained in the simulations which follows the changes of the
magnification ratio seen in the Fermi-LAT data.
One may question how stable is the magnification
map being considered in the case of microlensing on the
medium-sized structures. In particular, it is curious whether
significant changes of the magnification pattern can hap-
pen during the 2012 and 2014 flaring period, assuming
that the location of the emission zone is the same in
both cases. The Keplerian velocity of GC or GMC orbit-
ing around the lensing galaxy at the distance r is v =
670(M/1011M⊙)
1/2(r/1 kpc)−1/2 [km/s], where M is the
part of the mass of the lensing galaxy contained within
r. The relative velocity of the source galaxy, lens, and the
Milky Way is also expected to be of the same order (see the
measurement of the Local Group with respect to the Cosmic
Microwave Background, 627±22 kms−1, Kogut et al. 1993).
These speeds are about an order of magnitude larger than
the movement of individual clumps in the GMC (see e.g.
Stutzki & Guesten 1990). Therefore, we can expect shifts of
the magnification patterns by ∼ 10−3 pc per year, which is
much smaller than the size of the individual clumps in a
GMC.
On the other hand, the location of the emission region in
QSO B0218+357 might vary between different flaring states.
Such possibility is further supported by clearly different
GeV gamma-ray spectral shape in both cases (Buson et al.
2015) and by a different type of activity (multiple flares in
2012 versus a single flare in 2014). In the case of flat spec-
trum radio quasars, the gamma-ray emission can be easily
generated up to Rem,max = 0.1 pc along the jet. Assum-
ing that the jet is visible at an angle of θjet, this corre-
sponds to a distance (measured in the frame of the lens)
of 8 × 10−3(Rem,max/0.1pc)(θjet/5
◦)pc. Therefore, in this
scenario it is still expected that the microlensing magni-
fication pattern does not change significantly for different
flaring periods. Note however that one to two order of mag-
nitude larger distances from the base of the jet are possible
if the emission occurs as a comptonization of radiation of
the dust torus rather than the broad line region. In this
case the changes of the magnification pattern on the yearly
scale would be expected. Therefore, the comparison of the
evolution of the relative magnification ratio between differ-
ent flaring periods might be another discriminant in the long
standing problem of the location of the emission region in the
FSRQs. Finally, Cheung et al. (2014) and Barnacka et al.
(2015) interpreted the difference in the time delay of the
two images in the radio and in gamma rays as a difference
in the projected distance of the radio core and the high en-
ergy emission region to be ∼ 50 pc. If the location of the
gamma-ray emission region can vary by a fraction of this
number (which might be difficult taking into account the
available radiation fields which might serve as a target for
gamma-ray production), the projected location of the emis-
sion zone might move in and out of the region covered by a
GMC.
One may wonder whether the occurrence of medium size
structures like a GMC or a GC in the line of sight of one
of the quasar images might affect the spectral shape of the
observed gamma rays from those sources. We note however
that the optical emission of stars in the GC is too weak
to provide a strong absorption of the sub-TeV gamma-rays.
On the other hand, the IR radiation from the GMCs would
only affect TeV photons which are normally not observable
from distant sources (such as lensed blazars) due to strong
absorption by the extragalactic background light.
6 CONCLUSIONS
We investigated the microlensing of QSO B0218+357
on medium-size structures in its lensing galaxy
[PBK93] B0218+357 G. We studied the cases of GC,
OC and GMC. We derived the probability of such an event
and expected magnification values as well as their time
scales.
We conclude that microlensing, occurring on clumps of
a GMC, is a tempting alternative to explain the variabil-
ity of the magnification factor seen in the GeV gamma-ray
observations of QSO B0218+357. Such a scenario is consis-
tent with the current models of high-energy emission from
blazars and, contrary to the microlensing on individual stars,
is able to explain the high luminosity of a flare with simple
c© 2010 RAS, MNRAS 000, 1–??
9relativistic boosting of the emission. The scenario is further
supported by the measurements of large H2 column densi-
ties in the direction of some of the images of the two lensed
blazars in which short-term changes in the magnification due
to microlensing were observed.
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